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FOREWORD 


This  report  was  prepared  by  the  Organic  Materials  Branch, 
Materials  Laboratory,  Directorate  of  Laboratories,  Wright  Air 
Development  Center.  It  is  the  second  part  of  a  series  of  lnves 
tigations  concerning  the  effects  which  lubricants  and  various 
metals  hav-a  on  each  other. 

These  investigations  were  initiated  under  Project  No.  7331 
■Hydraulic  Fluids,*  Task  No.  73314,  "Lubricants, •  with  Mr. 

John  B.  Christian  acting  as  project  engineer. 

This  report  covers  work  conducted  from  April  1956  to 
July  1957. 
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ABSTRACT 


This  report  presents  data  which  deals  with  the  general  effects 
which  silicates  and  siloxanes  haws  on  various  ratals;  and  the 
sffeots  which  these  ratals  have  on  the  fluids  under  severe  con¬ 
ditions. 

The  corrosion  and  oxidation  stability  of  a  diester  blend,  a 
siloxune,  and  a  silicate  in  the  presence  of  various  ratal  specimens 
is  discussed. 
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i.  introduction 


One  of  the  most  significant  factors  affecting  tbs  deteriora¬ 
tion  of  fluids  and  lubricants  under  oxidation  conditions  is  the 
presence  of  certain  netala  In  the  oxidation  syatae.  A  cumber  of 
previous  investigations  have  shown  that  netala  and  alloys  possess 
a  characteristic  catalyzing  effaet  toward  the  oxidation  and  theraal 
decomposition  of  lubricants  with  which  they  night  coats  in  contact 
and  the  lubricants  under  these  extreme  conditions  nay  have  a 
corrosive  effect  on  netals  or  alloys. 

The  studies  described  herein  involve  the  detemination  of 
the  effects  which  netals  or  alloys  used  la  various  aircraft 
systems  and  the  fluids  and  lubricants  enployed  in  these  systems 
have  on  one  another.  The  data  prasentad  in  this  report  were 
arrived  at  by  conducting  oxidation  and  corrosion  tests  on  the 
fluids  and  netals. 

The  fluids  used  in  these  studies  have  been  blended  with 
various  additives  which  improve  their  viseoelty -temperature 
properties  and  retard  oxidation  of  the  fluid. 

The  studies  Involved  introduction  of  dry  air.  at  a  flow  rate 
of  5  liters  per  hour  through  100-milllllter  samples  of  the  fluids 
containing  single  one  inch  square  metal  specimens,  vhioh  had  been 
placed  in  oxidation -corrosion  apparatus.  The  oxidation  system 
was  maintained  at  a  temperature  of  it00°7  for  a  period  of  72  hours. 

At  the  end  of  the  teat  period  the  metal  specimens  wsrs 
observed  for  changes  In  weight,  discoloration,  corrosion,  and 
etching  or  pitting.  The  changes  In  fluid  properties  determined 
were  evaporation  loss,  changes  in  appearance,  neutralization 
number,  and  vlacoaity. 


II.  DISCUSSION 


Sixteen  (16)  metal  specimens  comprise  the  list  of  those  used 
in  obtaining  the  date  shown  in  the  numerous  tables  in  this  report. 
Table  XXI  lists  the  metals  investigated  and  ths  applicable  specifi¬ 
cation. 


Manuscript  released  by  author  13  Nov  57  for  publication  as  a  WADC 
Teohnleal  Report, 
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The  fluids  used  In  o  on  Juno  t  Ion  with  ths  metals  wsrs  OS-45 
(ortho-allioate),  Oronlte  8515  (dlailaxane-dlester  blsnd),  and 
MLO  820C  (dlsllozsnt),  each  fro*  various  lots. 

In  all  lnstsneas  ths  oxidation -corrosion  evaluations  wsrs 
conduotsd  In  quadruplicate.  Each  tsst  was  ccaprissd  of  00s  metal 
specimen  In  ths  fluid. 

In  order  to  dstsrsdne  clearly  If  all  of  tbs  offsets  os  ths 
fluids  wsrs  eaussd  by  ths  prsssnes  of  ths  astals  durlr#  ths  tsst. 
a  blank  run  was  conduotsd  on  saeh  of  the  fluids  with  tns  .jwtal 
specimens  abssnt. 

The  color  of  Or  obits  8515  darkened  considerably  and  It  had  a 
relatively  heavy  evaporation  loss.  Its  change  la  viscosity  and 
neutralisation  nun  bar  Is  aish  less  than  those  of  OS -45  *&d  ths 
MLO  6200.  However,  OS-45  ud  MLO  8200  had  smaller  evaporation 
losses.  (See  Table  I,  appendix  I). 

A  general  picture  of  the  effects  of  metals  on  Oronlte  851 5 
la  shown  In  Table  II,  Appendix  I.  Ths  netal  specimens  showing 
the  greatest  c bangs  In  weight  were  lead,  steel,  brass,  and  bronze 
respectively.  Lead,  having  a  0.63  mllligr.  n  per  square  centlneter 
weight  loas,  appeared  to  be  ths  least  compatible  with  Oronlte  8515 
simultaneously  the  fluid  showed  a  -55 -7*  viscosity  change.  The 
blend  showed  a  such  aaaller  evaporation  loss  In  the  presence  of 
lead  than  with  all  other  metals  tested.  Too,  ths  sample  con¬ 
taining  lead  was  the  only  one  to  yield  a  negative  change  In 
neutralization  number. 

The  viscosity  of  the  Oronlte  8515.  after  having  been  tested 
with  astals,  had  changed  from  2  to  3  times  as  much  as  it  had 
changed  after  It  had  bean  testsd  in  ths  absenea  of  astals.  One 
of  the  moet  significant  facta  brought  out  was  that  evaporation 
loos  In  the  tests  containing  astals  was  generally  less  than  In 
those  with  metals  absent. 

Table  III  shews  the  results  obtained  when  MLO  8200  was 
tested  for  oxidst ion-corrosion  both  In  the  presence  of  and  la 
the  abeenee  of  metals. 

Generally  the  MLO  8200  had  no  effect  on  the  metal  specimens 
with  the  exception  of  lead,  which  bed  a  weight  loss  of  1.27 
milligrams  par  square  centimeter,  end  strong  evidence  of  etching. 
The  evaporation  loss  of  ths  fluid  wlih  metals  present  was  less 
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than  with  than  absent  from  tha  taat.  Silver  and  vnnedlua  tool 
ataal  fomad  tha  two  axoaptlons.  With  tbaaa  nataia  praaant, 
evaporation  loaa  waa  8.73*  and  12.55*  respectively  compared  with 
tha  8.60*  evaporation  loaa  of  tha  taat  aampla  without  natal 
•paolnana. 

Tha  nautrallzatlon  nun bar  of  the  MLO  8200  lneraaaad  moat  In 
taata  In  which  thare  wara  no  nataia  praaant.  Thera  waa  a  striking 
change  In  viscosity  whan  land  waa  present  during  tha  taat;  tha 
viscosity  decreased  by  65. 0*. 

Tha  oxidation  and  corrosion  taat  resulta  Involving  OS-45 
tested  with  nataia  are  shewn  In  Table  IV. 

Thera  was  a  narked  weight  loaa  only  with  the  speclnena  of 
magnesium,  lead,  bronze,  and  ataal.  The  evaporation  and 
nautrallzatlon  nun bar  of  tha  oil  with  nataia  present  waa 
generally  aa  high  as  the  acidized  oil  without  netels.  C  hr  one 
nulybdenun  steel  gave  an  extremely  low  change  In  neutralization 
number  (+0.5)  and  an  evaporation  of  only  0.63*. 

The  changes  in  viscosity  wara  in  a  general  trend  with  only 
minor  variations  1  there  ware  two  exceptions  -  chrome  plated  steal 
and  copper  brought  about  an  Increase  In  viscosity  while  the 
viscosity  decreased  with  all  other  aetals  present. 

Tables  V  through  XX  show  how  each  individual  specimen  la 
affected  by  and  how  it  affects  each  of  the  fluids  tested. 

Aluminum  retained  Its  freshly  polished  finish,  lost  no  weight, 
and  showed  no  pitting  or  etching.  It  was  unaffected  by  all  of 
the  fluids  tested  with  It.  It  had  little  or  no  effect  00  any  of 
the  flulda  (See  Table  V). 

Brass  waa  slightly  etched  and  discolored  by  Oronite  8515 
(note  the  pink  color  and  -0.25  milligram  per  square  Inch  weight 
change). 

There  was  very  slight  evidence  of  etching  with  OS-45. 

ML0  8200  had  no  apparent  affect  00  brass.  None  of  the  flulda 
showed  evidence  of  having  been  significantly  changed  by  tha 
praaanoe  of  brass  (Table  VI). 

Bronze  exhibited  a  significant  weight  lose  only  with  06-45* 
ML0  8200  and  Oronite  8515  bad  abnormally  high  viscosity  changes  1 
nevertheless,  evaporation  waa  relatively  low  (Table  VII). 
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Cast  iron  shoved  a  0.17  milligram  per  seuare  centimeter 
weight  loss.  However,  there  was  no  evidence  of  atahing  in  OS-45 
whoaa  viscosity  changed  only  -9. 12.  Oronlte  8515  end  MLO  8200 
showed  no  extreme  effects  (Table  VIII). 

Chrome  molybdenum  steel  was  relatively  unchanged  by  all  of 
the  fluids  except  for  discolorations.  CX?-45'«  evaporation  was 
extremely  low,  while  the  viscosity  of  MID  8200  changed  an  abnormal 
-30 .41  (Table  IX). 

C hr cbm  plated  steel  was  practically  unchanged  after  the  tests; 
it  maintained  its  shiny,  freshly  polished  surface  and  exhibited 
only  minor  changes  in  weight.  OS-45*  the  only  fluid  showing 
evidence  of  changing  in  the  presence  of  ehrooM  plated  steal,  had 
an  evaporation  loss  of  15  >772  (Able  X). 

OS -45  had  a  alight  etching  effect  on  copper,  leaving  it  a 
dull  pink  surface.  Oronlte  8515  end  the  alloxans  were,  in 
general,  stable  with  oopper  (Table  XI). 

The  appearance  of  copper-beryllium  ranged  from  dull  pink  to 
dark  brown  in  the  teat  fluids.  There  was  practically  no  change 
in  weight  in  all  testa,  which  accounted  for  the  smooth  surface 
of  the  specimens.  Ill  three  fluids  had  relatively  high  viscosity 
changes  (Table  XII). 

Lead  appeared  to  be  incompatible  with  all  three  of  the  test 
fluids.  In  the  8515  fluid  signs  of  having  been  pitted  along 
with  a  considerable  weight  loss  occurred.  The  fluid  Itself 
ahowod  an  immense  decrease  la  vlseoelty.  Its  neutralization 
number,  however,  decreased. 

With  MLO  8200  lead  exhibited  an  even  greater  degree  of 
pitting  and  weight  loss,  and  a  more  pronounced  decrease  in  vis¬ 
cosity  of  the  fluid  resulted. 

Lead  apparently  had  little  effect  on  0S-45*  However,  it 
caused  considerable  pitting  and  weight  loss  to  tbs  lead  specimen 
(Table  XIII). 

Magnesium  had  no  reully  adverse  effects  on  any  of  the  fluids; 
the  viscosity  of  Oronlte  8515  *od  MLO  8200  was  relatively  high. 
OS-45  brought  about  a  considerable  degree  of  etching  and  pitting 
of  the  magnesium  npeelmen,  resulting  in  a  heavy  weight  loss 
(Table  XIV). 
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Monel  was  unchanged  by  all  the  flulda  except  for  alight 
discoloration  by  OS-45*  Oronlte  851.5  and  the  MLO  8200  had  a 
slightly  abnormal  decrease  In  viscosity.  Generally,  monel  and 
the  three  flulda  are  compatible  (Table  XV). 

Silver  itself  was  almost  unchanged  by  the  teat  fluids. 

OS-45  showed  a  lar^e  percentage  evaporation.  Both  OS-45  and 
Oronlte  85 15  had  a  sizeable  Increase  in  their  neutralization 
nuaber  (Table  XVI). 

Stainless  steel  was  unaffected  by  all  three  fluids.  Oronlte 
8515  had  ,1  slightly  high  neutralization  number  and  a  high  vis¬ 
cosity  chtnge.  OS-45  showed  only  a  high  neutralization  nuaber 
(Table  XT':). 

MJO  8200  and  steel  showed  evidence  of  being  compatible. 

There  was  only  a  0.03  milligram  per  square  centimeter  increase 
in  the  specimen,  while  the  fluid  had  only  a  7.10%  evaporation 
loss  and  a  21.2%  decrease  in  viscosity.  The  steel  specimens 
showed  moderate  and  heavy  weight  losses  in  Oronlte  8515  and  OS-45* 
Viscosity  changes  in  the  latter  two  fluids  were  moderately  severe 
(Table  XVIII). 

Titanium  was  practically  unchanged  by  the  fluids.  There  was 
only  slight  staining  on  the  surfaces  of  the  specimens.  Two  of 
the  fluids  -  Oronlte  8515  and  OS-45  *  bad  slightly  high  viscosity 
changes  (Table  XIX). 

Vanadium  tool  remained  almost  totally  unchanged  in  the 
fluids  except  for  the  acquisition  of  very  deep  purple  -rd  blue 
stains.  Viscosity  wise,  all  of  the  fluids  showed  evidence  of 
being  stable  with  vanadium  tool,  but  all  the  fluids  had  exeeaslve 
evaporation  losaea  (Table  XX). 


III.  CONCLUSIONS 


Silicates  and  ailoxanee  change  greatly  in  viscosity  and 
neutralization  nuaber  during  the  oxidation-corrosion  test,  both 
in  the  presence  of,  and  in  the  absence  of  metals.  High  evaporation 
losses  also  occur.  The  greatest  evaporation  loss  occurred  in  Oron¬ 
lte  8515.  The  silicate  and  elioxane  showed  the  greatest  changes  In 
vlsooalty  and  neutralization  number. 

The  dleater  wee  affected  greatest  by  lead  and  silver;  Oron¬ 
lte  ®5t  attacked  lean,  steel,  and  brass  more  than  any  of  the 
other  matals.  It  can  be  considered  compatible  with  all  of  the 
other  netals  tested. 
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The  alloxan*  had  a  corrosive  *ff*ct  on  l**d  only ,  osuslag 
gross  etching  and  pitting  and  consequent  weight  loss.  Lvad  was 
the  only  natal  tested  that  had  an  outstandingly  naleffeet  on  the 
alloxan*. 

The  silicate  attacked  four  aatals  viciously  t  they  were 
magnesium,  lead,  bronze,  and  steal.  Moderately  heavy  weight 
losses  were  noted  In  copper,  east  Iron,  silver,  and  chrome 
aolybdenua  steel.  All  other  netals  were  essentially  unharmed 
by  the  silicate.  A  neutralization  nun  bar  change  of  4-4.00  or 
greater  occurred  In  seven  teats j  Involved  were  a 1 uni nun,  brass, 
chroaM  plated  steel,  copper,  copper- beryl liiue,  silver,  and 
stainless  steel.  A  decrease  of  2 JjX  or  greater  In  viscosity 
occurred  in  four  teats  -  lead,  stainless  steel,  steel,  and 
tltauluB. 

The  sllloat*  proved  to  be  incompatible  with  the  greatest 
number  of  aetala;  it  oaused  weight  losses  ranging  from  0.17  to 
1.94  milligrams  per  square  centimeter. 

The  other  two  fluids  proved  to  be  compatible  with  all  mstals 
except  lead. 

Lead  was  the  only  metal  that  was  attacked  by  nil  of  the  fluids 
tested!  too,  lead  was  the  only  metal  which  oaused  sl^ilfleantly 
notices hie  changes  in  the  three  fluids. 

Aluminum  was  the  only  natal  among  the  16  tested  that  was 
totally  unchanged,  and  brought  about  only  minor  changes  in  all 
three  fluids. 

With  the  exception  of  lead  and  other  minor  exceptions,  the 
fluids  and  sntals  used  la  this  report  nay  be  considered  eaapatibi* 
under  the  conditions  set  forth. 


WADC  TR  54-576  Pt  II 


6 


Airsar^c  i 

nST  DATA 


vajdc  tf  54-576  Pt  IX 


7 


OXIDATION -CORROSION  OF  OROMITE  8515.  HLO  8200.  AND  OS-45  WITH  NO  XTALS  PHSSKNT  FOR  72  HXTRS  AT  400°F 
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OXIDATIOM -CCI|fjosioN  TEST  (72  hr,.,  400°F) 
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Orcolte  6515 

06-45 

MLO  0200 

Suae tp tibia  Mat ala 

Bnu 
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-0.07 

-0.01 

Lead 

-0.63 

-1.23 

-1.27 

Steal 

-0.20 

-0.55 

♦0.Q3 

Magaeeiua 

-0.00 

-1.94 

-0.02 

Moa-Suaeeptlble  Matala 

lladw 

0.00 

0.00 

0.00 

Caat  Iron 

J.OO 

-0.04 

-0.17 

Vanadlua  Tool 

0.00 

-0.07 

-0.03 

ChroM  Molybdenu*  Steal 
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TABLE  XXIX 


METALS  USED  IK  FLUID  DETER 10 SI AT ION  STUDIES 


Spec  lawn 

Specification 

Aluminum 

24s -T3 

Brass 

W-B-611 

Bronze 

QQ-B-/46 

Cast  Iron 

Msehanlte,  Type  GA 

Chrome  Molybdenum  Steel 

AA-qq  .30685 

Chrome  Plated  Steel 

Qq-C-320 

Copper 

C-511 

Copper -Beryllium 

QQ-C-530 

Lead 

Comm.  Purity 

Ma^ealum 

FS-10-064 

Monel 

Silver 

Electrode 

Stainless  Steel 

I88-302 

Steel 

IO05 

Titanium 

RC-79 

Vanadium  Tool,  M-10 

QQ.-S  -00779.  Grade  3 
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